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CALCIUM SULFIDE PRECIPITATION OF MERCURY 
FROM GOLD~SILVER CYANIDE~LEACH SLURRIES 
By W. W. Slmpson,1 W. L. Staker,1 and R. G. Sandberg2 
ABSTRACT 
During cyanidation of mercury-bearing gold-silver ores, significant 
amounts of mercury are extracted. The presence of mercury decreases. 
gold loading and increases mercury stripping time on activated carbon, 
complicates fire refining of the gold cathodes, and creates a potential 
health hazard. Addition of calcium sulfide (CaS) to the cyanide leach 
slurry precipitates the solubilized mercury but also some silver. The 
Bureau of Mines investigated silver loss during CaS precipitation of 
mercury. Addition of 0.1 lb CaS per short ton ore to a mercury-bearing 
gold-silver ore precipitated both mercury and silver. However, if cop-
per was added with CaS, or if the ore contained copper, much of the sil-
ver loss was prevented. Addition of 235 ppm Cu with 0.1 lb/st CaS, 
prior to carbon-in-pulp adsorption, resulted in 89- to 97-pct, 80- to 
91-pct, and O-pct adsorption of the solubilized gold, silver, and mer-
cury, respectively, on the activated carbon. 
lResearch chemist. 
2Group supervisor. 
salt Lake City Research Center, Bureau of Mines, Salt Lake City, UTe 
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INTRODUCTION 
.The discovery of low-grade gold-silver 
deposits in the United States has re-
sulted in construction of several cya-
nide-leach carbon-in-pulp (CIP) milling 
facilities (1-3).3 Gold and/or silver 
ores typically-;;-ontain other metals such 
as mercury and a variet:f of base met-
als. Of all the metals most likely pres-
ent, mercury presents the most serious 
problem. 
Typically, 10 to 30 pfk1.: of the mercury 
III and 75 to 95 pet of the gold and silver 
are solubilized during cyanidation. Mer-
cury is adsorbed on carbon with gold and 
silver, then stripped along with the pre-
cious metals with caustic cyanide solu-
tion, and electrowon on steel wool cath-
odes. Mercury must be either recovered 
or precipitated because of the~ health 
hazard during cathode smelting and carbon 
regeneration. 
Metal sulfides, such as calcium, sodi-
um, silver, zinc, and iron sulfides, have 
been used to precipitate mercury from 
gold cyanide solutions (i-2). Silver 
sulfide would tie up considerable silver, 
and iron sulfide forms ferrocyanide, re-
sulting in cYanide loss. Calcium and so-
dium sulfides are effective in precipi-
tating mercury and are not harmful to the 
gold recovery process. Redissolution of 
mercury occurs when sodium sulfide is 
used; when calcium sulfide (CaS) is used, 
the dissolution of the precipitate is 
minimized. Mercury precipitation with 
CaS is shown by the chemical equation 
Hg(CN) ~- + CaS + HgS + Ca 2 + + 4CN-. 
Silver i~ similarly affected with CaS 
addition. Although gold is unaffected, 
some of the silver precipitates with the 
mercury. 
The objective of this investigation 
was to study (1) silver 10s8 during CaS 
precipitation of mercury in gold-silver 
cyanide-leach slurries and in solutions 
prepared from mercury-containing gold-
silver ores and (2) methods to prevent 
silver loss. 
MATERIAL, EQUIPMENT, AND PROCEDURE 
Ore samples used in this investigation 
were obtained from the Carlin Gold Mining 
Co., NV, Cortez Gold Mines, NV, Getty 
Minerals Co., UT, and 5-M, Inc., UTe 
Mineralogical examinations were con-
ducted on all four ores. The Carlin 
ore consisted of calcite (CaC03), with 
smaller amounts of gypsum (CaS04· 2H20), 
f.eldspar minerals, clay minerals, quartz 
(8i02), and hematite (Fe203). The Cortez 
ore consisted of limestone, crystalline 
calcitic dolomite [Ca,Mg(C03h], gypsum, 
barite (BaS04), and clay minerals. This 
sample also contained a few percent 
pyrite (FeS2) and traces of zinc and 
antimony, The Getty ore consisted of 
limestone, with some quartz and clay 
3Underlined numbers in parentheses re-
fer to items in the list of references at 
the end of this report. 
minerals. Minor amounts of limonite 
(Fe203'nH20), pyrite, realgar (AsS), and 
orpiment (AS2S3) were also present. 
The 5-M ore consisted of quartz, cal-
cite, muscovite [H2KA13(Si04)3], biotite 
[H2K(Mg,Fe)3(Al,Fe)( Si0 4)3], hematite, 
malachite [CUC03·Cu(OH) 2] , cerussite 
(PbC03) , and a small amount of mercury 
and silver. The mineralogy of the silver 
and mercury could not be determined in 
any of the ores. 
Chemical analyses of the four ore sam-
ples are listed in table I, Analyses 
show that in addition to gQld, silver, 
and mercury, other metals, including ar-
senic, cobalt, copper, iron, manganese, 
molybdenum, nickel, lead, vanadium, etc., 
are also found in these ores. Chemical 
analyses of minus 10- plus 48-, minus 48-
plus 270-, and minus 270-mesh-size screen 
fractions of the four ore samples showed 
mercury evenly disseminated throughout 
these size fractions (table 2). 
The NaCN (sodium cyanide), lime, CuCN 
(cuprous cyanide), and CaS used in this 
study were all reagent grade. 
Leaching tests were performed by add-
ing 50 to 1,000 g of dried, 90-pct minus 
TABLE 1. - Chemical analyses of gold-
silver ores 
Element Carlin Cortez Getty 5-M 
Au •• tr oz/st •• 0.098 0.013 0.084 0.01 
Ag •• tr oz/st •• 2.52 0.168 0.018 10.1 
Hg ••••••• ppm •• 16 9.3 31 3 
Other metals, 
pct: 
As •••••••••• 0.09 0.18 0.219 0.126 
Co •••••••••• <0.001 0.019 <0.01 0.016 
Cr •••••••••• 0.011 0.009 <0.01 0.070 
Cu •••••••••• 0.009 0.005 <0.002 0.8 
Fe ••••••• •.•• 1.98 3.24 2.32 3.14 
Mn •••••••••• 0.022 0.069 0.052 0.089 
Mo •••••••••• 0.01l 0.013 0.014 0.158 
Ni .••••.•••• 0.013 0.009 0.011 0.044 
Pb •••••••••• 0.034 0.047 0.01 0.234 
Ti .••••••••• 0.132 0.083 0.057 <0.05 
V ••••••••••• 0.017 0.006 <0.006 0.124 
Zn •••••••••• 0.054 0.003 <0.012 0.087 
3 
200-mesh ore to between 200 and 3,000 mL 
of pH 11 leach solution at ambient tem-
perature. Lime was used to adjust pH. 
The slurries were leached in closed plas-
tic bottles placed on laboratory rolls 
for periods of up to 24 h. The leached 
slurries were filtered and the resulting 
residues washed and dried at ambient tem-
perature. The residue and solutions were 
analyzed by inductively coupled plasma 
(ICP) and/or atomic absorption (AA) 
techniques. 
In mercury precipitation tests in a 
ball mill, CaS was added to the slurry in 
the mill along with cyanide and lime. 
The slurry mixture was ground for 45 min, 
washed from the ball mill with water, and 
leached for periods of up to 24 h at 25 
pct solids. Additional mercury precipi-
tation tests were conducted by adding CaS 
directly to the pregnant cyanide leach 
slurry, followed by three-stage eIP ad-
sorption to recover precious metals. In 
other tests, CaS was added directly to 
the leach solution and the precipitate 
was recovered by filtration. CaS addi-
tions are reported in pounds per short 
ton of ore, whereas NaCN is "reported in 
pounds per short ton of solution. 
TABLE 2. - Distribution of gold, silver, and mercury in feed materials 
Product size, mesh Wt pct 
Minus 10 plus 48 •••••• 52.8 
Minus 48 plus 270 ••••• 44.1 
Minus 270 .•••.•.••••.. 3.1 
Minus 10 plus 48 •••••• 62.7 
Minus 48 plus 270 ••••• 32.7 
Minus 270 •••••..•••••• 4.6 
Minus 10 plus 48 •••••• 67.3 
Minus 48 plus 270 ••••• 20.9 
Minus 270 ••••••••••••. 11.8 
Minus 48 plus 270 ••••• 
Minus 270 ••••••••••••• 
Analysis 
Au, lAg, 
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RESULTS AND DISCUSSION 
MERCURY EXTRACTION DURING 
CYANIDE LEACHING 
NaCN leaching tests were conducted with 
all four ores to compare mercury and pre-
cious metal extraction with and without 
CaS addition. All ores were leached at 
25 pct solids with 1 lb/st NaCN at pH 11 
and at ambient temperature for 24 h. CaS 
was added at the beginning of the leach; 
the CaS:Hg ratio was varied from 0:1 to 
2.4:1. Results of these tests are listed 
in table 3. Increasing the CaS:Hg ratio 
from 0: 1 to i. 4: 1 decreased mercury and 
silver extraction but had little effect 
on gold for all ores. 
ADDITION OF CaS AT OTHER 
POINTS IN THE PROCESS 
Because CaS addition precipitated sil-
ver as well as mercury, further testing 
was necessary. Previous research (5) in-
dicated CaS could be added to (1) the 
grinding circuit and (2) the pregnant 
cyanide leach slurry prior to the CIP 
circuit to precipitate mercury (fig. 1). 
Mercury Extraction in a 
Laboratory Ball Mill 
Tests were conducted with all four ores 
to determine the effect of CaS addi-
tion on mercury, silver, and gold during 
grinding. A 50-pct-solids slurry con-
taining 1 lb/st NaCN, enough lime to give 
a pH of 11, and 0.1 lb/st CaS 4 was added 
to a laboratory ball mill and ground for 
45 min. The slurry was washed from the 
ball mill and leached for 24 h at 25 pct 
solids. This same procedure was repeated 
without CaS. Results of these tests 'are 
listed in table 4. With all ores, mer-
cury extraction was greatly reduced with 
CaS addition; however, silver extraction 
was also reduced by 8 to 65 pet. 
4This corresponds to a 
of 8.7, 1 5 .0, 4.5, and 
Carlin, cortez, Getty, 
respectively. 
CaS:Hg ratio 
46.3 for the 
and 5-M ores, 
Mercury Precipitation Prior 
to Carbon Adsorption 
Previous research (5) demonstrated that 
precipitated mercury sulfide redissolved 
with time. To decrease this redissolu-
tion, CaS was added just prior to carbon 
adsorption. Tests were conducted by add-
ing CaS to a pregnant NaCN leach slurry 
prior to contacting with activated car-
bon.. All ores were leached for 24 h at 
ambient temperature with 1 lb/st NaCN and 
enough lime to give a pH of 11 at 25 pct 
solids. Following the 24-h leach, vary-
ing amounts of CaS were added and, the 
slurry was mixed by rolling for 1 h. The 
slurry was then contacted with 6 g of 
minus 6- plus 16-mesh carbon for 1 hand 
and screened. To simulate a three-stage 
CIP system, the slurry was contacted a 
rcas 
ill 










FIGURE 1.-Flowsheet showing CaS addition poInts for 




TABLE 3. - Effect of CaS concentration 
on metal extraction, 1 percent 
CaS:Hg ratio Au Ag Hg Au Ag Hg 
Carlin ore Cortez ore 
0: 1 ••••••••••••• 90.5 0.82 18.7 94.6 6.4 24.7 
O.2:1 ••• ~ ••••••• 90.7 .43 12.9 94 5.8 20 
0.7:1 •.•.•.•.•.• 90.4 .39 12.4 94 5.2 20 
1.4:1 •••••.•.••• 90.5 .26 10.2 94 5.2 20 
2.4:1 •..•.•...•• 90.5 .20 9.2 94 5.2 20 
Getty ore 5-M ore 
0: 1 ••••••••••••• 90.3 59.7 3.0 45 18.0 9.6 
0.2:1 ..••.•...•• 90.4 47.7 .43 45 14.2 6 
0.7:1 •••••...••• 90.6 53.7 .42 45 12.8 2.7 
1.4:1 .•..••..•.. 90.6 35.8 .22 45 12.2 <.92 
2.4:1 ....••.• 0 •• 90.6 24.8 .22 45 10.6 <.9 
TABLE 4. - Effect of adding CaS to ball mill 1 
(Extraction, percent) 
Ore Without CaS With CaS 
Au Ag Hg Au Ag Hg 
,Carl in •••••••••• 93.7 10.0 18.7 91.0 3.5 1.9 
Cortez •••••••••• 94.6 22.8 24.7 94.6 21 8.8 
Getty ••••••••••• 92.8 59.7 3 92 30 .5 
5-M 2" ••••••••••• 45 18.6 9.6 32 11.1 .5 
1 . Grindlng conditions. 50 pct solids, 1 lb/st 
NaCN, pH 11, 0.1 lb/st CaS, 45 min grinding. 
2Considerable error in analyzing 5-M gold (at 
<0.01 tr oz/st) probably explains the difference in 
gold extraction with and without CaS. 
third time with an equal 
fresh carbon. At the end of 
the slurry and loaded carbon 
were analyzed. Test results are listed 
with and without CaS addition, the rate 
of adsorption was considerably slower 
with CaS addition for all ores except the 
5-M ore. 
in table 5. 
Adsorption of gold, silver, and mercury 
was 100 pct without CaS addition. With 
the addition of CaS, adsorption of mer-
cury was zero for Getty and 5-M ores; 
'however, for the Carlin and Cortez ores, 
small amounts of mercury were adsorbed 
during the first carbon contact stage. 
The addition of CaS prevented adsorption 
of silver from the Carlin and Getty ore 
slurries, significantly reduced adsorp-
tion from the Cortez ore slurry, but had 
little effect on adsorption from 5-M ore 
slurry. Over 90 pct of the 5-M silver 
adsorbed on the carbon. Although all the 
solubilized gold adsorbed on the carbon, 
COPPER ADDITION TO ELIMINATE SILVER 
LOSS DURING MERCURY PRECIPITATION 
Additional tests were initiated to 
determine why silver was notprecipi-
tated from the 5-M slurry during mercury 
precipitation. Analysis of the 5-M preg-
nant leach solution showed that 170 ppm 
Cu was dissolved in it. To determine the 
effect of copper during mercury pre-
cipitation, varying amounts of copper 
(added as CUCN) were introduced to a 
pregnant leach solution containing 1.5 
ppm Au, 3 ppm Ag, and 0.76 ppm Hg prior 
to the addition of 0.1 lb/st CaS. The 
6 
TABLE 5. - Simulated three-stage 
carbon-in-pulp CaS precipitation 
(Adsorption on carbon, percent 1) 
Carbon stage Au Ag Hg Au Ag Hg 
Carlin ore Cortez ore 
0 lb/st CaS: 
1 •••••••.•• 90 91 100 57 75 100 
2 ••••••••• 9 9 0 30 25 0 
3 •••••••.•• 1 0 0 13 0 0 
0.05 lb/st 
CaS: 
1 ••••••••• 47 0 12.5 74 12 5 
2 ••••••••• 44 0 0 13 0 0 
3 ••••••••• 9 0 0 13 0 0 
0.10 lb/st 
CaS: 
1 ••••••••• 50 0 8.1 64 6 2 
2 •• C! •••••• 41 0 0 25 0 0 
3 •• " ••••• " i 9 0 0 11 0 0 
Getty ore 5-M ore 
o lb/st CaS: 
1 ••••••••• 72 99 100 100 99 100 
2 ••••••• ~ • 27 1 0 0 1 0 
3 ••••••••• 1 0 0 0 0 0 
0.05 Ib/st 
CaS: 
1 .......... 49 0 0 100 44 0 
2 ••••••••• 30 0 0 0 31 0 
3 .......... 21 0 0 0 15 0 
0.10 lb/st 
CaS: 
1 • 0' ••••••• 74 0 0 100 51 0 
2 ••••••••• 14 0 0 0 25 0 
3 ••••••••• 12 0 0 0 14 0 
1 Percent of soluble metal adsorbed on 
carbon. 
results, given in figure 2, show that 
silver content in solution increased rap-
idly as copper addition increased from 50 
to 160 ppm. With the addition of 160 ppm 
Cu, silver loss was eliminated while mer-
cury precipitation was unaffected. 
The tests described in table 5 were re-
peated, but with 235 ppm Cu added to the 
ores prior to the ClP step. Following 
the 24-h leach, 0.1 lb/st CaS was added 
to the slurry, which was rolled for 1 h 
and then contacted with carbon. Results 
listed in table 6 show that silver recov-
ery was,gfeat1y increased with copper 
addition. Adsorption of silver from 
Carlin and Cortez ores was increased from 
o to 80 pct and 6 to 90 pct, respec-
tively. With the Getty ore, copper addi-
tion appeared to have no effect on sil-
ver recovery. However, with only 0.018 
tr ozlst Ag in the Getty ore, these 
TABLE 6. - Effect" of copper on adsorp-
tion by carbon in the presence of 
0.1 lb/st CaS 
(Adsorption on carbon, percent) 
Carbon 
stage 
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1Getty ore silver content was only 
0.018tr ozlst, -which made it difficult 
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FIGURE 2.-Effect of copper on sliver concentration during 
CaS precipitation of mercury. 
suIts may be suspect. Adsorption of gold 
was reduced by about 10 pct with Cortez 
ore and about 3 pct with Carlin and Getty 
ores. Adsorption of mercury was zero for 
all ores when CuCN was present. 
Sequential tests (i.eo, mercury precip-
itation, carbon adsorption and stripping, 
and electrowinning) were conducted with a 
copper-containing heap leach solution, to 
determine the effect of copper on silver 
loss during both mercury precipitation 
and gold-silver adsorption on carbon. 
Test results are illustrated in figure 3. 
After CaS was added to the heap leach 
solution containing 1.4 ppm Au, 2.92 ppm 
Ag, 0.76 ppm Hg, and 270 ppm Cu, mixed 
for 2 h and filtered, nearly 98 pet of 
the mercury and 0.6 to 0.7 pct of the 
7 
silver and copper were precipitated. The 
filtrate was pumped through a carbon col-
umn at 0.13 BV/min to recover the gold 
and silver. Nearly all the gold and sil-
ver, plus 0.7 pct of the copper, and 
nearly 69 pet of the 0.016 ppm Hg remain-
ing in solution after precipitation were 
adsorbed. Stripping the carbon at 90° C, 
using a solution containing 0.1 pet NaCN 
plus 1 pct NaOH at a pumping rate of 0.13 
BV/min, produced an eluate containing 5 
ppm Au, 19 ppm Ag, 16 ppm Cu, and 0.28 
ppm Hg. Subsequent gold and silver re-
covery by electrolysis was >98 pet at 3 V 
and 60° C in 30 min. Although the mer-
cury content in the electrolyte was only 
0.28 ppm,mereury was recovered with the 
precious metals. Increased copper in the 
Analysis I ppm 
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FIGURE 3.-Flowsheet for mercury precipitation with CaS and with copper added to reduce sliver loss. 
8 
spent electrolyte was probably due to 
contact of the strong cyanide solution 
with the copper anode connector. 
Results indicate that copper addition 
is an effective approach to eliminating 
silver loss during mercury precipitation 
with CaS. Less than 1 pct of the copper 
and silver were lost during mercury pre-
cipitation, and less than 1 pct of the 
copper was adsorbed on the activated car-
bon. These results also indicate that 
even low quantities of mercury are elec-
trowon from the pregnant electrolyte. To 
eliminate the need for retorting the 
gold-silver cathodes prior to smelting, 
the mercury must be reduced to levels 
even lower than the 0.28 ppm achieved in 
this test. 
SUMMARY AND CONCLUSIONS 
Mercury extraction from Carlin, Cortez, 
Getty, and 5-M ores ranged from 3 to 
nearly 25 pct -when using 1 Ib/st NaCN 
without CaS. Carbon adsorption of gold, 
silver, and mercury from leach pulps or 
solutions is usually 90 to 100 pct; how-
ever, the addition of 0.1 lb/st CaS to 
the slurry reduced mercury and silver ad-
. sorption to between 0 and 8 pct and 0 and 
6 pet, respectively, with all ores except 
the high-silver-copper 5-M ore. With 
this ore, 0 pct of the mercury and 90 pct 
of the silver adsorbed on the carbon. 
Further analysis showed that the 5-M 
leach solution contained 170 ppm Cu. 
Addition of copper to the Carlin and 
Cortez ore slurries prior to mercury 
precipitation and carbon adsorption re-
sulted in adsorption of none of the mer-
cury and 80 to 90 pct of the silver. 
Further testing with a heap leach solu-
tion containing gold, silver, mercury, 
and copper showed that 98 pct of the mer-
cury was precipitated, with about 0.7 pct 
of the silver and copper coprecipitating • 
Nearly all the gold and silver and only 
0.7 pct of the copper adsorbed on the 
activarted carbon. 
These results show that mercury can be 
precipitated from gold-silver cyanide 
leach slurries or solutions without se-
vere losses of silver if copper is 
present. 
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